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PERFCRFtANCE OF LOU-NASS, SUN-TE14PERED BUILDINCS*

William O. Wray
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Lon Alamou, Naw Mexico 67545

ASSTRACT

A mm-tampered building in one that departs
frm conventional reaidenlial construction

in only three respectn: (1) the long side
of the building faces south, (2) approxi-

mately 80% of the total wind~w ● rea that i~
ordinarily used ia placed on the south fiide
of the building, and (3) ●ll window- ● re
double glazed. If ● house that ham been lo

modified happens to ,iava a concret? floor
nlab that is not thermally iaolatad by

carpetn, its performance may be ●stimated
by previously reported Solar Load Batio

(SLR) correlations for tharmally maueive
direct gain buildings. The ●ppropriate

performnnca va mann sensitivity curves can
be u-cd to ●djMt the performance
●ntimmte. However, if no Floor rnlab is

present, the cull-temperad building has too

little mno to be ●menable to ●nalyais by
the standard hi~h-maso correlations. Thl!
performance of sun-tempered buildingn in

the Iow-n,,lnn category in ●naly~ed herein

und found 10 br! improved relative to

conventi~nal nlructuren bul inferior

relative to hi@-maas designs,

1. T?fIl L!ONCEPT OF SUN TEt4PEttlNG.— ——.

Sun-tempered building design# were

d@veloptJ in order to introduce consarva-

tivr malnsLrram buildtr~ to paso{ve eolar
conatructhn. ThF mainstream buildar, ●s

OPPo~ed to the innovator or early ●doptar
of new eheltar concepts, aarvaa tha ■ aao
t,ousinp market ●nd io charact?rizad by ●

r~luctanca to make radical chansec in th~
deniun of hounas IIQ ha- successfully built

●nd merk~led in tha past. Ha Senerally

neat himself ●a ● buninossman who is pri-
marily recponnive to the demande of his

cuotomers.

Am ● ~chanism tn hold the int?reat of tha

mainstream builder, Lhe concepl of OWII

tamparino i~ uuually preocnted ● n ● coriea
0[ minur mudiricatlon~ to hcnm deai~ne that

have ●lraady been
place. The first
taken during the :
development. The

co be sun temperet

proven in the nurkeL-

●tep in one that niua? b~
nitial planning of ● new

long ●xis of ●tich house
should be oriented in

the eaat-we-t direction. The ~eccmd step
is to ●not W% of the window space that
would ordinarily be used to ti;c ●otith aide

of the building. The remaining 20% would
be placed momtly on the ●ast ●nd west

sides, leaving vrry Iittie o: no window
● raa to the north. The third and final

step is to double glace ●ll windows. The
cost 0[ these nxxlifications to the builder

●nd hin customers i~ small ●nd yet. ● nig-

nific;nt part of the space heating load

will be di-placed by direct solar gains.

In order to gst ● faal for the glaaing
● rea~ inv~lved in nun tempering, cuneider ●

●all sin le- family delached re~idence wiLh
!● 1500 ft floorspmce. Iypicnl houses uf

this type will have ● total window ● r~a
●qual to about 15X uf th~ floor space, or
0.15 X 1500 ■ 225 ftz. Placing tlOi 01

the window ● rea on tha south aide ot the
building yields ● solar collection ● raa ot
180 Ltz. At thl~ point we can split

sun-temprred buildings into LWO catego-
ries. Suppose, in the first cass, that the

I1OME in queatiun ie built nn ● concratu
floor olab but ia otharwin~ ut Iraew ccrn-

atruclion. TIIII [Iuor slab will bu ● t Iaaal
4 in. thick, which is within the ranSe
uauaily rmcomendad f~r thermal otora ● ,

!●nd will have ● urua~ ● raa uf 1500 ft .

fiven if only half of th~ gruoo araa of the
slab is ●vailable Cur

slill havm ● mean aur
face ● rea ratio of

Lherrnal fitorah~, we

●cu-lo-ulating ●ur-

which ●neeoda the raference value u~rd for
the high-mans bullrlinp:. dla(unaed in Vul. 11

fi~~=rk perform@d wnder the •u~pic~fi n[ the US f.hpartment of ~....rny, Offirw LI Nolar

Applicat(nns for Buildings.



of tha WE Pasoiva Solar Denign Handbook.1——
ThuF, although the building would be con-
sidered to be a lightweight ●tructure, it
in themally maenive relative to the nmall
solar collection area. Sun-t-pered build-
ing- built on floor slabs or having other
high-mtao ●lemante within che inoculation of
the building ●nvelope ● re, therefore, aman-
able to ●nalysie by the methods presented

in the Handbook and can be expected to din-
place a moderate fraction of the heat lend
in many climates. The mans oannitivity
curven previde ● meane for correcting per-
formance ●ncimatea ebcained fram the SLR
correlation for departure from the refer-
●nce valuea of thicknena (6 in.) ●nd araa
ratio (~/Ad “ 3).

If, however, the sun-tempered building hag
a ●ood frmne floor over a crawl apace and

there ● re w ❑aaaiwe ●lements within the

inaulatwl shell of tha structure, we have
thn leu-.maem caae that repreaenta the
aacond catagory. These buildingm navo very

little thermal storage relutive to the oiw
of tht solar collection ● rea. The momt
signif~can~ thermal storage medim within

the structure ia the gypaun board thet

lines the walls and the ceilinB. ‘i’t,e cor-
relation method of the Handbook ia r,ot

●pplicable to the ●nalyaia of theoc builrl-
iriga because they art very aenaitive LO

short-period weact!er patterna. In Lhe next

section w preoent the charactariatics 01
low-maae, eun-temperad reference ddsi~ns
that ● ru con~idered repreaentativt ot thie
building type.

2, REFERENCE DESICNS FOR LOWtASSLSUN-—.—— .- —
TEf4PERED BIJ1l.DINGS

All of the previously apccified character-

intica of thu reference deaigna for high-
ma~a direct gain builc!inaa (tee Ref. 2)

●pply to tho praaont caoe ●xcept those per-
tainin~ to the thermal atmraSe ❑ aaa, which
● rc replacrd by the valute given in Tabla 1.

TABLS I

CllAklACTEltlSTICS (IF TNIZRNAL STWWf! HAW

IN llEFkUfN4CE LW-NASS, SUN-TEHPERED
BUILDING DESIGNS

● Thermal etora~c capacity ■ U l!tu/”F
[12 01 ~laninu.

● Gypeum board properties:
p * fI.fJ923 Btu/ft h ‘F (thermal

conductivity)

II = 50 lb/ft3 (density)

C - 0.26 Btu/lb ‘F (specific heat)
n Gyprnm board ia 3/8 in. thick.

● GypHueI hoard ourface ● raa is

20 tiate~ gla~ln~ ● rea.

A Syp-bo#ld thickt~eoa of 3/8 in. is Lacd in
mrmr wood frm~ hou~ee. The properlioa Sivan

in Tabl,: I were obtainad from the ASMUE 77
Fundameltala Handbook, and the ~/A

Iratio OL 20 waa calculated for a 15 0 ft2
etructure with a collection area ot 1S0

fr,2, asauming only the south zonts =re
available [or thermal atoraae. Sanaitivity
curves to be preeented later ●now the reader

to obtain performance ●atimaten baaed on hia

own ●naumptions concerning ●vailability of

.syp-board for thermal ntoraae.

3. PliRFtN7NANCEGF THE REFERENCE DESIGNS——

Plots of Solar Savings Fraction (SSF) va SLR
for low-me6a. eun-tempered buildinge with ●nd
without night insulation ● re preoenced in

Figo. 1, 2, ●nd 3 for Santa Naria, Albuquer-

que, and Hadiaon. Tha higheot solar fraction
observed for the caae with no night insula-

tion occurs in Albuquerque at ● Load Gol-

lector Ratio (LCR) of ●bout 72 at which ●

perfamance maximum of 0.18 axiata. The SSF
decrea-ee fcr LClta breater than 72 becauee
the solar gain decreaees relativs to the
building load. The SSF alao decreaaen for
LCRa leaa than 72 because furLher increaaeo

in solar gain are not utilizable, reeultins
only in overheating, ●nd becauae heat loeaeb
through the solar ●perture continue to in-

creaae in direct proportion to the aperture

● rea.

ThLI performance of the low-ma-e, sun-tempered

L,lilding without night insulation dmcreaeeo
a} tw location i- ahitted to thu muru ■~verc
Cl!!IIaL@ of 14adisun, dropping co ● local
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Fiu, 1. Solar Savinms Fraclion va LIMLI

Collector Natio--lou-maae,
aun-tmmporad build:nm iu Manta Maria.



LOAD COLLECTOR RATlO

Fig, 2. Soiar Savinga Fraction va Load
Collector Ratio-- low-ma #o,

nun-tempered building in Albuquerque.

LOAD COLLE:T~ RATIO

Fia. 3. Bolar Savings Fraction vs Lend
Collector Ilatio--low-mans,
cun-t~pslnd buildinu in Madioon.

❑anhan Of SSF ● (J.U5. Thio d~~rcdation LI1

p~rformanca in harnh winter climatan was
enp~ctad. Nowvcr, thr dmraans WI the

manimm LISP in tha mild-r (ralativa tu

Alhuqwrqua) climatrn of BanLm Maria wao

unforeseen. Apparently, the lowmanu,

sun-tempered buildings can, ● t beat, meet
only the daytime portion of the heat load,
having insufficient thermal ntorage tor

nighttime carryover. Thuc, the beaL per-
formance occurs in Albuquerque, where a rela-
tively high fraction of the heating load
occurs durinB daylight hours.

The addition of night irmulation will, oi
course, improve the performance of ●un-
tempered buildingo by reducing ni~hctime heal

loarea, which otherwise otfaet solar gai,~a:
SSFa ● re still wII below those obtainable in

hiv’ler maan aLructurea. For nidhc insulated,

low-mean, sun-tempered buildingo with LLI!a 01
24, J SSF of about l.fIU can be realizea in

Stints Maria, Charleston, ● l!d Albuquerque,

●bout 0.30 in Nashville and Med!ujd; and

●bout 0.20 in Boston and Pladison.

An ●ttempt co &enerate monthly SL14
correlation for low-mama, sun-tempered

buildingo failed due to the aenoitivity ot

these ntrucLureo to nholt-pcriad ueather pat-

Cerna. lt ❑ight be possible Lo proauct a

correlation by applying the concept 01 solar
“un-utilizability” aa developed by Honmtin ana

Klein,4 but na such a:tempt wan made.

h. PENFuKMANCE SENS1’llVIT’.’

Mass Suriace Area. The ●ifect 01 vary~nu the—-
masn area/Blaz~nS ● rea rdtio ●bout the rete:-
● nca value of W while maintaining the
J/U-in. thickneie ia rhuw in FiUu. 4, 5, ● nd
b fOr our Lhr9e reprea,.’nLaLlve CLlh!a. hute

that the periormancu ● L low LLHa can bv ~LU-

nificantly improved by addin~ maru 3/B-~n.

gyp board, Lheraby increaain~ the amounl UI

Lharmal sturnge mais. An are~ ruL~a 0[ kLl

would correapancl tu a 15UU ttz trame KIJUIIIJ

tdlLh lIIU [Lz uf auuth-[acin~ gluzing lor

which the &yp board in northern, au well au

soulh~n ecmea ia ●vdilable tor thermal #tur-
●go. The northern zonee ● re ●ccesaib)u lttr

thermal ~Luragc! if ● lorCed-air dietrlbuLiun

syetam im ●mployed or i: witk, lull-ceiiin~-
ll~luht daorwyo ● ra usdd to enllallcu Irer
convective hett arnchangeo wiLh the ●outhern

con~a that experience direct aular gaina.

Fi#urae k th~ou~h b call ●iao he UWI LU

account ior Lhermal storouu in lurnituro uf
other objects. hsch increa-e 01 10 in the
~fk8 raLio ia ●quivalent tu ●n lncrwa~e

of 4 Btu/°F fti of •la~inR in the heat

capacity of tha #LrucLuru.

Thd aular ●baarptanc~ of tha uyp board eur-
Ltico han ●lmcat no uflcct on parlurmaucs,
lor tha aun-lamp~rad building, tnc rat~u U1

maae surfaca atrna tu ula~inu ● rea Le au Iary.:
Lhat mltiplo ral)acti,vlu withi:,, Lhu L1vLn#

npacc cautu moat U1 Lha Ltanemittgd rmdiatLun
Lu ba ebcorbad, reuardlaae ut Intarior culor,
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Fig. 4. Solar Savingn Fraction vs Nms

●raafglwing arm rmtio--Santa

Uaria.
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MAWARCA/GLAZINQ ARCARATIO

Tripl@ slasin~ will significantly impruve tha

performance of low-maso, ●un-tapard build-
ln~t without ni~ht lnculation in ●ny cii-
matg. fhrmitivity curvas for thr nunbor of

~la~invt ●nd othar param~turs can b. found in

RPf. 3 for navrn reprcnantativ~ US titian.

Fig. 6.

-m 20 so 40 eo 40 70
MASSAREA/GLAZlN6 AREA RATIO

Solar Saving- Fraction vs mass

are4/glazinS area r.zlio--hadinun.

5. CONCLUSll)NS

Low-mass , mun-tempered buildings require

less ●uxiliary heat than the convel,tional

#:ructure# Lhey ● rw intended Lo replace buL

● re in[erior to high.mmss derigna, l’he
comlort ●nd ●nar~y oavings characteriaticn
can be impravrd by makins aura che northeru

zonr$ are availabie for thermal ntoragr
●ither by providing ● furced ●ir distribu-

tion cystem or by ~icing ronncctin~ aper-

turas such that lrae convection maintaina
●dequate thermal unitomicy, The uau nl
night insulation or multiplu #lrnzltlUa can

●lao improvu performance.
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